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Pulmonary rehabilitation is widely available in North America and parts of Europe for patients with chronic 
obstructive pulmonary disease (COPD). Here, we describe the feasibility and benefits of providing a comprehensive 
but cost effective pulmonary rehabilitation programme in a U.K. district general hospital. 
Two hundred and sixty-seven patients with respiratory disability were referred for pulmonary rehabilitation. 
Patients were assessed and recruited onto a 7 week outpatient-based pulmonary rehabilitation programme including 
elements of exercise and education without longer term maintenance. Exercise performance was measured by the 
shuttle walking test and a treadmill endurance test, and quality of life as measured by two disease specific 
questionnaires, the Breathing Problems Questionnaire and the Chronic Respiratory Disease Questionnaire. Of 267 
patients referred between 1993 and 1996, 132 (110 with COPD) have completed rehabilitation and could be 
evaluated. For all graduates, shuttle distance increased by 58 m (27%) and treadmill endurance time increased by 
15.9 min (294%). The Breathing Problems Questionnaire proved sensitive to changes in quality of life in some 
domains. The Chronic Respiratory Disease Questionnaire showed significant improvements in all domains in a 
sub-set of 57 patients who completed it. Longer term follow-up of 49 patients at a mean of 10.3 months following 
pulmonary rehabilitation revealed that previous gains in exercise performance and quality of life were maintained 
with improvements in shuttle walking distance of 33 m (14% over baseline) and endurance time of 16 min (280% over 
baseline). The Breathing Problems Questionnaire showed no overall change but the Chronic Respiratory Disease 
Questionnaire showed continued improvement in a small number of patients. We therefore concluded that a short 
outpatient based pulmonary rehabilitation programme without a maintenance element has produced significant 
gains in exercise performance and quality of life for 132 patients at a district general hospital in the U.K. 
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Introduction 
Following the first description of a comprehensive care 
programme for chronic airways obstruction (l), pulmonary 
rehabilitation has become widely practiced in the U.S.A. 
and Europe as- a method of improving the functional 
capacity and quality of life of patients with disabling 
respiratory disease. Early controlled studies of exercise 
programmes have shown improvements in walking per- 
formance (2,3) ,and later controlled studies of comprehen- 
sive pulmonary rehabilitation programmes have confirmed 
improvements in functional capacity and shown benefits 
in quality of life, using a variety of questionnaire-based 
outcome measures, which are largely maintained in the 
longterm (L6). Although most treated patients have 
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chronic airflow limitation, benefits have also been shown 
for patients with non-obstructive pulmonary disease (7). 
The essential elements of a pulmonary rehabilitation pro- 
gramme have been described in various documents from 
bodies in America (8-10) and Europe (11) where treatment 
may be either as an inpatient, outpatient or homebased. 
Many programmes include an element of supervised long- 
term treatment following an initial more intense period of 
rehabilitation. A recent meta-analysis of pulmonary reha- 
bilitation confirmed the improvements observed in exercise 
tolerance and health related quality of life (12). 
In the U.K. the benefits of pulmonary rehabilitation were 
recognized in a report from the Royal College of Physicians 
in 198 1 which included recommendations for the establish- 
ment of specialist centres for pulmonary rehabilitation (13). 
Despite this, pulmonary rehabilitation has been slow to 
develop in the U.K. with few centres offering a comprehen- 
sive programme, perhaps due to perceived difficulties with 
resource allocation within the National Health Service. We 
have developed a short-course outpatient programme 
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without a longer term maintenance eiement that makes 
fewer resource demands than inpatient-based programmes 
or those that include long-term maintenance. Our pro- 
gramme has been operating for over 3 yr in the context 
of service provision to a busy district general hospital 
rather than as a research project but incorporates appro- 
priate outcome measures embedded in the programme. 
We therefore present our results as a description of this 
process which include some control data obtained 
fortuitously. 
Methods 
PATIENT REFERRAL 
Initially, all physicians at the hospital were informed of the 
programme and invited to refer patients with respiratory 
disability. The service was to be primarily directed towards 
patients with chronic airflow limitation and with minimal 
locomotor, neurological or cardiovascular disease. 
ASSESSMENT 
Following initial referral a comprehensive assessment was 
undertaken by one of the authors (S.J.S.). This included a 
medical and drug history combined with physiological and 
quality of life measurements. 
Physiological measurements included spirometry (Vitalo- 
graph spirometer, Vitalograph, U.K.), resting heart rate 
(Sports tester PE3000, Polar Electra, Finland), Borg 
breathlessness score (14) and oxygen saturation by finger 
probe pulse oximeter (Minolta Pulsox 7, Devillbiss, U.K.). 
Exercise performance was measured by a symptom limited 
incremental field exercise [the shuttle walking test (15)] and 
a treadmill endurance test (Powerjog treadmill, Cranlea & 
Co, U.K.) with continuous monitoring of heart rate and 
oxygen saturation. The shuttle walking test expresses a 
result in terms of distance walked and also an indirect 
estimate of peak oxygen uptake (16) which was used to 
determine the treadmill speed for the endurance test. The 
chosen speed was equivalent to 50-60% of estimated peak 
oxygen uptake. The treadmill endurance test result was 
expressed as endurance time. Borg scores for breathlessness 
were measured at the completion of each exercise test, as 
were maximal exercise heart rate and minimum exercise 
oxygen saturation. During exercise testing, oxygen satura- 
tion and heart rate were measured continuously using the 
finger probe pulse oximeter and sports tester. Patients with 
a baseline oxygen saturation ~85% or whose oxygen satu- 
ration fell below 85% during endurance testing received 
additional oxygen during exercise testing to maintain 
oxygen saturation above 90%. 
Quality of life was measured using a disease-specific 
quality of life questionnaire, the self-administered Breath- 
ing Problems Questionnaire (17).The questionnaire is com- 
pleted without patients seeing their earlier assessments. 
At a later date, after initial analysis of the Breathing 
Problems Disease Questionnaire results, the investigator- 
administered Chronic Respiratory Disease Questionnaire 
(18) was added to the assessment. In this latter question- 
naire patients are allowed to see their previous assessment 
when asked to complete a later assessment. Referral to 
other health care professionals (e.g. dietitian, physiothera- 
pist, physician) was made if considered appropriate at this 
stage. 
Patients with co-existing disease in other systems that 
limited their exercise performance, such as unstable ischae- 
mic heart disease or mobility problems, were offered the 
option of attending the educational element of the pulmon- 
ary rehabilitation course alone. Patients were excluded 
from the programme if they anticipated difficulties in 
attending sessions due to work or social commitments or 
were unwilling. The hospital car service was used for 
patients requiring transportation. 
THE PROGRAMME 
The continuous ro!ling programme was outpatient-based, 
with each patient attending twice weekly for 2 h over a 
period of 7 weeks. Individual patients could enter and leave 
the programme at different times. During each session 
patients received elements of exercise (1 h) and education 
(1 11). On any 1 day, two groups of up to eight patients 
attended. A single common education session was sand- 
wiched between the two groups. For safety of supervision 
the group size for the exercise element was limited to a 
maximum of eight patients. The exercise elements were 
individually tailored to each patient’s performance during 
initial assessment and included static circuit training aimed 
at increasing peripheral muscle strength and general mobil- 
ity and free brisk walking (at the previously determined 
speed, representative of 50-60% peak oxygen uptake as 
determined by the shuttle walking test) aimed at increasing 
endurance. The education element consisted of 14 sessions 
including practical demonstrations, seminars and discus- 
sions with health care professionals covering the topics 
listed in Table 1. 
Patients were also provided with an individualized home 
exercise programme requiring incremental periods of walk- 
ing at the previously prescribed rate. They were provided 
with a diary card to indicate completion of each exercise 
period. At the end of the programme the initial assessment 
was repeated and graduates were provided with a folder 
including written details of all the information provided 011 
the course together with details of the local branch of the 
Breathe Easy self-help group. At this point patients were 
invited to rate what effect pulmonary rehabilitation had 
had on their life by choosing a statement on a 7-point 
Likert scale ranging from ‘it has made my life much worse’ 
(scored as 1) to ‘it has made my life much better’ (scored as 
7). Patients were advised to continue with their home 
exercise programmes at the work level achieved prior to 
discharge and returned to the care of the referring physi- 
cian No further interventions were made but they were 
invited back for a further assessment after a period of at 
least 6 months. 
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TABLE 1. Components of the education element of a pulmonary rehabilitation programme 
Health care professional sessions topic covered 
Physiotherapist 
Occupational therapist 
Respiratory nurse 
Doctor 
Dietitian 
Pharmacist 
Respiratory physiology technician 
Benefits agency 
Self-help group co-ordinator 
Relaxation (two sessions), chest clearance 
techniques, breathing control 
Stress management and home aids 
Self-management of airways disease 
Disease education 
Healthy eating, eating during ill-health 
Medications and how to take them 
Lung function tests, travelling with equipment 
Entitlements and benefits 
Introduction to Breathe Easy 
CONTROL GROUP 267 referred 
Due to the popularity of the programme the waiting time 
almost immediately exceeded the programme length. A 
sub-group of patients unable to begin the course due to lack 
of free places therefore undertook an initial assessment 
followed by a control period of 2 months during which no 
interventions were made. These patients subsequently 
reassessed and entered the course as described above. 
They have acted as an illustrative control group for the 
short-term effects of the programme. 
6 died 53 failed to attend 
208 initial assessment 
11 declined 
r- 
27 unsuitable for complete programme 
(3 attended educational component only: 
170 entered programme (11 after control period) 
32 dropped out 
-4 
138 completed 
I 
COSTS OF THE SERVICE 132 completed data sets 
We have carried out a limited economic analysis of the 
pulmonary rehabilitation programme concentrating on 
recurrent staffing costs and startup equipment purchases to 
produce a cost for each patient assessed and per graduate. 
FIG. 1. Referral and recruitment to the Pulmonary 
Rehabilitation Service (1993-96). 
ANALYSIS 
We have examined the results of the programme in terms of 
changes in exercise performance and quality of life follow- 
ing pulmonary rehabilitation for the group as a whole, for 
sub-groups defined by disease state and for the control 
group. For those patients in whom follow-up data is 
available an assessment, of the longer term effects of pul- 
monary rehabilitation has been made. We have also exam- 
ined the relationship between exercise performance and 
quality of life. The significance of changes has been assessed 
by standard statistical methods using the Minitab release 8 
programme 
Results 
PATIENTS 
Since the programme began (1993-1996), 267 patients have 
been referred for pulmonary rehabilitation. Fifty-three 
(20%) failed to attend for initial assessment and six (2%) 
died before assessment. Two hundred and eight (78% of 
those referred) underwent an initial assessment of which 
170 (82% of those assessed) went on to enter a course 
of pulmonary rehabilitation. Twenty-seven patients were 
thought unsuitable for pulmonary rehabilitation on the 
basis of co-existent disease in other systems, three of these 
elected to attend for the education element of the course 
alone. Eleven patients declined to undertake pulmonary 
rehabilitation following initial assessment. Of the 170 
patients who started the pulmonary rehabilitation course 32 
discontinued attendance prior to completion for varied 
reasons (e.g. travel difficulties, infective exacerbations etc.). 
In total 138 patients (52% of those initially referred, or 
alternatively 66% of those assessed) have completed the 
pulmonary rehabilitation course (Fig. 1). Complete data 
was available for 132 patients. Eighteen patients underwent 
a control period prior to entry to the programme and 11 of 
these have so far completed subsequent rehabilitation. 
Table 2 describes the baseline characteristics of these 
patients. Of the 132 evaluable patients who have completed 
the pulmonary rehabilitation programme, 10 (7.6%) 
required supplemental oxygen during exercise training 
(oxygen saturation falling below 85% during exercise). To 
date 49 patients have been reassessed at least 6 months 
after completing the programme (S8°% had chronic airflow 
limitation). 
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TABLE 2. Mean (SD) baseline characteristics of patients undergoing pulmonary rehabilitation 
149 
Characteristic 
All treated Chronic airflow 
patients limitation patients 
(n= 132) (n=llO) 
Non-chronic airflow 
limitation patients* 
(72 = 22) 
Male:Female 
Age (years) 
Forced expiratory volume in 1 s (1) 
Forced vital capacity (1) 
FEV,/FVC 
Current smokers 
Ex-smokers 
Never smokers 
86:46 
62 (10) 
1.3 (0.8) 
2.3 (1.0) 
0.5 (0.2) 
13% 
69% 
14% 
74136 
63 (9.5) 
1.1 (0.6) 
2.3 (0.9) 
0.5 (0.2) 
15% 
72% 
10% 
12:lO 
58 (10) 
2.0 (1.0) 
2.6 (1.3) 
0.7 (0.2) 
5% 
55% 
32% 
*Includes: bronchiectasis, 5; hyperventilation syndrome, 4; breathlessness of uncertain cause, 3; lung 
resection; 2; scoliosis, 2; phrenic nerve palsy, 2; pulmonary embolic disease, 1; pulmonary fibrosis, 1; 
Macleod’s syndrome, 1; fractured sternum, 1. 
RELATIONSHIP BETWEEN BASELINE EXERCISE 
PERFORMANCE AND QUALITY OF LIFE 
Quality of life as measured by the Breathing Problems 
Questionnaire showed significant correlations with baseline 
exercise performance in terms of endurance time and 
shuttle distance for both the total score and most of the 13 
domain scores. Only two domains, ‘effects of smells’ and 
‘effects of colds’, failed to correlate for either performance 
measure. In addition, dysphoria failed to correlate with 
endurance time but did for shuttle distance. All other 
domains had strong or relatively strong relationships with 
performance. The total Breathing Problems Questionnaire 
score had a moderate relationship with both baseline endur- 
ance and shuttle time (rho= - 0.46 and rho= - 0.47, 
respectively, P<O.OOl). The Chronic Respiratory Disease 
Questionnaire fatigue domain was strongly correlated with 
baseline shuttle distance (rho=O,GS, P<O.OOl) and less 
strongly with endurance time (rho=0.45, P<O.Ol). No 
other baseline Chronic Respiratory Disease Questionnaire 
domains showed significant correlations with endurance 
time. 
EFFECTS OF PULMONARY REHABILITATION 
ON EXERCISE PERFORMANCE AND QUALITY 
OF LIFE 
The immediate effects of the pulmonary rehabilitation 
programme for all patients are summarized in Table 3. 
Pulmonary rehabilitation resulted in significant improve- 
ments in the shuttle walk test and endurance treadmill time. 
In addition to improved exercise performance, Borg scores 
for breathlessness improved significantly following both 
exercise tests. No significant changes were seen in the total 
quality of life score of the Breathing Problems Question- 
naire but several domain scores showed significant 
improvement after treatment namely, walking, washing, 
social interactions and dysphoric mood. Excretion urgency 
showed a significant decline after rehabilitation. Significant 
improvements were seen in all domains of the Chronic 
Respiratory Disease Questionnaire following pulmonar-y 
rehabilitation. 
We carried out an informal analysis of response to 
rehabilitation of chronic airflow limitation vs. non-chronic 
airflow limitation since formal analysis was not possible due 
to the small sample size of the latter (n=22). In this 
minority of patients without chronic airflow limitation the 
baseline shuttle distance was greater [250 (15) m] than that 
seen in patients with chronic airflow limitation [208 (103) 
m], The baseline endurance times were similar. We found 
no evidence of any statistical difference in response between 
these two groups, though improvement was slightly greater 
in the non-chronic airftow limitation group. For example 
the mean change in shuttle distance was, 70 and 56 m and 
the mean change in endurance time was 21.2 and 14.8 min. 
The mean value for the subjective evaluatjon on a 7-point 
Likert scale at the end of pulmonary rehabilitation was 5.8 
(SD 0.86). Only one of the 132 patients scored the effect of 
pulmonary rehabilitation below the neutral point of ‘it has 
made no difference to my life’. 
LONGER TERM EFFECTS OF PULMONARY 
REHABILITATION ON EXERCISE 
PERFORMANCE AND QUALITY OF LIFE 
The longer term effects of pulmonary rehabilitation for 
those 49 patients who have so far undergone reassessment 
are summarized in Table 4. The mean duration 
between graduation from the programme and reassessment 
was 10.7 (SD 3.6) months. The baseline characteristics of 
these 49 did not differ significantly from the overall group 
of 132. Only seven patients who completed the Chronic 
Respiratory Disease Questionnaire as part of their initial 
assessment have returned for a follow-up assessment 
to date. 
Pulmonary rehabilitation resulted in significant improve- 
ments from baseline in distance walked during the shuttle 
test and endurance time during the treadmill test. Borg 
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TABLE 3. Results of pulmonary rehabilitation on exercise performance and quality of life measures 
in 132 patients 
Patient group 
Outcome measures, 
mean (SD) 
Change following 
pulmonary rehabilitation 
(95% CI) 
All patients 
n=132 
n=57 
Shuttle distance (m) 
Shuttle Borg score 
Endurance time (min) 
Endurance Borg score 
BPQ -total 
BPQ - knowledge 
BPQ - appraisal 
CRDQ - dyspnoea 
CRDQ - fatigue 
CRDQ - emotion 
CRDQ - mastery 
Chronic airflow limitation patients 
n=llO 
n=48 
Shuttle distance (m) 
Shuttle Borg score 
Endurance time (min) 
Endurance Borg score 
BPQ - total 
BPQ - knowledge 
BPQ - appraisal 
CRDQ - dyspnoea 
CRDQ - fatigue 
CRDQ - emotion 
CRDQ - mastery 
Non-chronic airflow limitation patients Shuttle distance (m) 70 (35.3, 104.7) WO.001 
n=22 Shuttle Borg score - 1.0 (- 2.2, 0.15) n.s. 
Endurance time (min) 21.2 (16.5, 25.9) WO.001 
Endurance Borg score - 1.6 (- 2.6, - 0.5) P<O.O06 
BPQ - total - 2.6 (- 9.7, - 4.3) n.s. 
BPQ - knowledge - 1.8 (- 7.4, 3.9) n.s. 
BPQ - appraisal - 1.1 (- 2.8, 0.6) n.s. 
n=9 CRDQ - dyspnoea 6.3 (0.1, 12.3) n.s. 
CRDQ fatigue 4.5 ( - 0.6, 9.5) n.s. 
CRDQ - emotion 3.8 (- 2.3, 9.9) n.s. 
CRDQ - mastery 2.8 (0.3, 5.3) n.s. 
58 (48, 69) P<O.OOl 
- 0.6 (- 0.9, - 0.3) P<O.OOl 
15.9 (13.7, 18.1) P<O.OOl 
- 0.7 (- 1.1, - 0.4) P<O.OOl 
- 1.6 (- 3.5, 0.3) P=O.49 
- 0.9 (- 2.5, 0.7) n.s. 
- 1.1 (- 1.6, 0.6) n.s. 
4.2 (3.0, 5.6) P<O.OOl 
3.5 (2.4, 4.5) P<O.OOl 
5.2 (3.4, 7.1) P<O.OOl 
3.3 (2.4, 4.2) P<O.OOl 
56 (448, 67.5) WO.001 
- 0.6 (- 0.8, - 0.2) P<O.O03 
14.8 (12.4, 17.3) P<O.OOl 
- 0.5 (- 0.8, - 0.2) PcO.002 
- 1.4 (- 3.4, 0.5) n.s. 
- 0.7 ( - 2.4, 0.9) n.s. 
- 1.1 (- 1.6, 0.6) P<O.O02 
3.9 (2.8, 5.1) P<O.OOl 
3.3 (2.3, 4.2) P<O.OOl 
5.5 (3.6, 7.5) P<O.OOl 
3.4 (2.4, 4.4) P<O.OOl 
Breathing Problems Questionnaire - less is better. Chronic Respiratory Disease Questionnaire - 
more is better. P values show significance of change from baseline values using paired ‘t’ test; n.s., 
PBO.02. 
scores for breathlessness following both exercise tests 
improved, although only that following the shuttle test 
reached significance. These improvements in exercise per- 
formance and Borg scores (n=49) were of a similar magni- 
tude to those obtained in the complete group of all patients 
treated (n= 132). At follow-up assessment there was a 
decline in shuttle distance compared to immediately postre- 
habilitation but this remained significantly greater than the 
prerehabilitation value. The improvement in treadmill 
endurance time was maintained at follow-up. Borg score 
following the shuttle test remained improved and the Borg 
score following the treadmill test showed further improve- 
ment at follow-up but failed to reach statistical significance. 
The Breathing Problems Questionnaire showed no signifi- 
cant differences for total or domain scores at follow up and 
the Chronic Respiratory Disease Questionnaire showed 
retained improvement in the domains of emotion and 
mastery. 
CONTROL GROUP 
Table 5 details the results of the assessments made at the 
beginning and end of the 2-month control period. The 18 
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TABLE 4. Short and longer term results of pulmonary rehabilitation on exercise performance and quality of life measurements 
in 49 patients 
Patient group Outcome measure 
Change from baseline Change from baseline 
following pulmonary rehabilitation at follow-up 
(95% CI) (95% CI) 
All patients 
n=49 
1z= 7 
Shuttle distance (m) 
Shuttle Borg score 
Endurance time (min) 
Endurance Borg score 
BPQ -total 
CRDQ - dyspnoea 
CRDQ - fatigue 
CRDQ - emotion 
CRDQ - mastery 
58 (38.6, 75.3) P<O.OOl 33 (12.2, 53.6) BO.003 
- 0.9 (- 1.4, - 0.2) I-o.02 - 0.9 (- 1.6, - 0.1) f-O-02 
13.9 (10.4, 17.5) P<O.OOl 16 (11.8, 20.3) P<O.OOl 
- 0.5 (- 1.1, - 0.1) n.s. - 0.8 (- 1.3, - 0.4) n.s. 
- 2.2 (- 5.4, 0.8) n.s. - 0.3 (- 4.2, 3.6) ns. 
2.5 (- 0.7, 5.6) n.s. 3.3 (- 2.5, 9.1) n.s. 
2.0 (- 0.6, 4.6) ns. 1.3 (- 1.1, 3.7) n.s. 
5.2 (1.3, 9.2) PcO.02 5.7 (2.7, 8.7) PcO.02 
4.2 (1.0, 7.3) PcO.02 4.7 (1.3, 8.1) PCO.02 
Breathing Problems Questionnaire - less is better. Chronic Respiratory Disease Questionnaire -more is better. P values show 
significance of change from baseline values using paired ‘t’ test; n.s., P>0.02. 
patients initially presented with a mean (SD) forced expira- 
tory volume in 1 s (FEV,) 1.1 (0.6) 1; forced vital capacity 
(FVC) 2.3 (0.9) 1, FEV,/FVC ratio 0.5 (0.2) age 63 (10) 
years, 83% were ex-smokers (6% current) and 12 of the 
group were male. The 11 patients who have graduated from 
the programme had a mean (SD) FEV, 1.0 (0.4) 1, FVC 2.1 
(0.7) 1, FEV,/FVC ratio 0.5 (0.2), age 65 (7.1) years, 73% 
were ex-smokers (9% current) and eight of the group were 
male. 
All patients had chronic airflow limitation and were 
similar to the main group. Over the control period no 
significant changes occurred in exercise performance, Borg 
scores or quality of life measurements. In those 11 patients 
who subsequently received pulmonary rehabilitation signifi- 
cant improvements were seen in shuttle distance, endurance 
time and quality of life scores similar to the main body. 
COSTS OF THE SERVICE 
Recurrent costs were largely related to staff and are shown 
in Table 6. The largest single element was that of the course 
co-ordinator who works on a part-time basis, 3 days a 
week. Other staffing components included input into the 
education element of the programme. Start-up equipment 
costs are also shown in Table 6 and can be expected to recur 
at an interval consistent with the working life of the 
equipment involved. We have assumed replacement every 
5 yr to account for likely maintenance and replacement 
elements. We have not attempted to analyse other elements 
of the programme although others may experience costs 
related to transportation and provision of space in hospital 
buildings. The overall cost of providing a pulmonary reha- 
bilitation programme which has now been referred 267 
patients and treated 138 patients in under 3 yr was L280.2 
per patient assessed or E422.3 per patient graduating from 
the programme. 
Discussion 
Pulmonary rehabilitation has established a major role in the 
care of patients with respiratory disability in the U.S.A. and 
Europe over the last 30 yr and occupies a prominent place 
in recent guideline documents from the American Thoracic 
Society (10) and the European Respiratory Society (19). A 
similar document from the British Thoracic Society is under 
development and draft versions include pulmonary reha- 
bilitation as one modality of treatment for these patients. It 
is perhaps surprising, but timely, that this is the first 
report of a pulmonary rehabilitation programme operating 
in the U.K. in the context of ongoing service provision. The 
programme has been designed with limiting costs in 
mind and offers insight into what is achievable with a 
short outpatient-based programme without longer-term 
maintenance. It also demonstrates that it is possible to 
build appropriate outcome measures in to the clinical 
process. 
It is encouraging to discover that the improvements in 
exercise performance that our patients have achieved com- 
pare favourably with those obtained in other programmes 
in the U.S.A. and Europe including those with a mainten- 
ance element. We have shown a 27% improvement in a 
symptom-limited incremental walking test and a 294% 
improvement in a treadmill endurance test. Moreover these 
gains are largely maintained at follow-up testing a mean 
of IO.3 months later. Improvements of a similar degree 
were seen in both chronic airflow limitation and non- 
chronic airflow limitation patients as has been previously 
described (7). 
Perhaps more important than physiological measure- 
ments, we have shown significant gains in quality of life as 
measured by the Breathing Problems Questionnaire and 
Chronic Respiratory Disease Questionnaire. It is frequently 
assumed that there is a strong relationship between an 
individuals ability to exercise and perceived quality of life. 
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TABLE 5. Changes in exercise performance and quality of life measures over a control period of 2 months and following 
subsequent pulmonary rehabilitation 
Patient group Outcome measures 
Changes from baseline 
following control period 
(95% CI) 
Change from baseline 
following subsequent 
pulmonary rehabilitation 
(95% CI) 
All control patients 
n=18 
Shuttle distance (m) 
Shuttle Borg score 
Endurance time (min) 
Endurance Borg score 
BPQ - total 
BPQ - knowledge 
BPQ - appraisal 
CRDQ - dyspnoea 
CRDQ - fatigue 
CRDQ - emotion 
CRDQ - mastery 
8 (- 30.8, 15.3) n.s. 
0.1 (- 0.4, 0.6) n.s. 
0.7 (0.0, 1.5) ll.s. 
0.0 (- 1.2, 1.2) n.s. 
- 0.2 ( - 2.9, 2.4) n.s. 
- 1.1 (- 3.8, 1.6) n.s. 
0.9 ( - 0.6, 1.6) n.s. 
- 0.8 (- 1.9, 0.4) n.s. 
- 0.8 (- 1.8, 0.3) n.s. 
- 0.8 (- 2.9, 1.3) n.s. 
- 0.8 (- 1.7, 0.5) n.s. 
Control patients subsequently treated Shuttle distance (m) - 4 (- 28.3, 21) n.s. 
n=ll Shuttle Borg score 0.2 (- 0.4, 0.8) n.s. 
Endurance time (min) 0.4 (- 0.5, 1.4) n.s. 
Endurance Borg score - 0.8 ( - 1.8, 0.2) n.s. 
BPQ - total 0.7 ( - 2.4, 3.9) n.s. 
BPQ - knowledge 0.5 ( - 2.4, 3.5) n.s. 
BPQ - appraisal - 0.2 (- 1.1, 0.5) n.s. 
CRDQ - dyspnoea - 0.1 (- 0.8, 0.5) n.s. 
CRDQ - fatigue - 0.3 ( - 1.3, 0.9) n.s. 
CRDQ - emotion 0.0 (- 1.9, 1.9) n.s. 
CRDQ - mastery - 0.8 (- 2.4, 0.8) n.s. 
34 (8.9, 67.4) PcO.02 
- 0.1 (- 1.2, 0.6) n.s. 
19.5 (9.9, 28.2) WO.001 
- 0.9 (- 0.9, 0.7) ns. 
3.6 (- 1.3, 7.1) n.s. 
3.2 (- 0.9, 6.1) n.s. 
0.0 (- 1.2, 1.7) n.s. 
2.3 (0.5, 4.4) PcO.02 
2.0 (0.7, 3.8) PcO.02 
1.6 (- 1.2, 4.4) n.s. 
0.6 ( - 0.6, 3.5) n.s. 
Breathing Problems Questionnaire - less is better, Chronic Respiratory Disease Questionnaire-more is better. P values show 
significance of change from baseline value for all postcontrol results and significance of change from postcontrol values for 
results following pulmonary rehabilitation (right hand column, lower half of table) using paired ‘t’ test; n.s., P>O.O2. 
However, we found no such relationship between improve- 
ments in exercise tolerance and quality of life. The Chronic 
Respiratory Disease Questionnaire has been the most 
widely used disease-specific quality of life measure in 
pulmonary rehabilitation and our results compare favour- 
ably with those of other workers (4,5,20,21) showing highly 
significant gains in all domains. However, there is a concern 
that this may be due to the demand features of the 
assessment process of the Chronic Respiratory Disease 
Questionnaire. In this assessment, patients see the answers 
that they gave before rehabilitation at the time of later 
assessment and it is possible that they expressed their 
gratitude to the efforts of the rehabilitation staff by report- 
ing improvement. The demand characteristic of this assess- 
ment is confirmed by the findings that all but one patient 
reported improvement in terms of overall evaluation but, in 
terms of physiological assessment as measured by the 
shuttle test, 12 patients of the total became worse and 10 
remained the same. Thus the perception of improved 
quality of life is not linked directly to improvement in 
physiological performance. By contrast, when using the 
Breathing Problems Questionnaire, patients do not see 
their earlier response, and so the results are likely to be 
independent of the demand features of the assessment 
procedure. 
Significant positive effects of rehabilitation were found 
on some of the subscales of the Breathing Problems Ques- 
tionnaire such as walking, washing, social interaction and 
dysphoric mood. The failure to find significant effects on 
other domains may be because rehabilitation affects only 
some quality of life domains. For example, although no 
effects were found on the effects of smells, cold, use of 
medicine or sleep, there would be no clear expectation that 
rehabilitation would reduce quality of life in these domains. 
It is unreasonable to expect rehabilitation to improve all 
domains of quality of life deficit. One unexpected finding 
was that the domain of excretion urgency actually became 
worse following rehabilitation. Excretion urgency is a 
poorly understood phenomenon where patients want to 
urinate or defecate only on becoming breathless through 
exertion. Two reasons might account for this finding. One is 
that patients actually engaged in more exercise after reha- 
bilitation and therefore experienced more excretion 
urgency. The other is that patients were more willing to 
report the symptom after the socially supportive experience 
of the rehabilitation programme. 
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TABLE 6. Recurrent annual and start-up costs associated with providing a pulmonary rehabilitation 
programme 
Personnel 
Other 
Equipment 
Course co-ordinator, part time 3 days week-’ &15 500 
Senior 1 Physiotherapist, 30 h &315 
Senior 1 Occupational therapist, 20 h f210 
Basic grade dietitian, 30 h &232 
Cardio-respiratory technician, 20 h &187 
G grade nurse, 20 h 5218 
Pharmacist, 20 h &190 
Printing and stationery El000 
Total annual recurring costs fl7 852 
4 Sportstesters &920 
1 Training treadmill 254950 
1 Oximeter &2000 
Total start-up costs &7870 
Annual cost assuming replacement at 5 years El574 
The cost of providing our programme is modest on a per 
patient basis and compares favourably with estimates of 
costs of $1000 associated with a programme of similar 
duration and intensity but based in a non-hospital environ- 
ment from the U.S.A. (22). Compared to the costs of an 
expensive inpatient based programme with outpatient 
maintenance, recently quoted as $12 000 Canadian per 
patient (4) our costs appear very reasonable. We have not 
set out to perform a cost-benefit analysis but there is strong 
evidence from studies in the U.S.A. that reductions in use of 
health care facilities following pulmonary rehabilitation 
occur both in the short and longer terms (1;23), and are 
sufficient to compensate fully for the costs of a programme. 
This remains to be explored in the U.K. 
We would suggest that the NHS is well able to provide a 
service such as ours; the start-up costs are small, the 
benefits clear and the clients ubiquitous. Purchasers of 
health care would do well to consider contracting for 
pulmonary rehabilitation for their patients with respiratory 
disability. 
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